The outer membrane protein (OMP) composition (OMP typing) of 46 fecal Aeromonas strains from hybridization groups (HGs) 1 (A. hydrophila; n = 10), 4 (A. caviae; n = 16), and 8 (A. veronii; n = 20) were examined by sodium dodecyl sulfate-polyacrylamide gel electrophoresis as a phenotypic typing method. Almost every isolate of HG-1 and HG-8 had a unique OMP profile, in contrast to isolates of HG-4, which were separated into five different OMP types. It was possible to recognize HGs 1, 4, and 8 by OMP profiles. Twenty-three Aeromonas strains from HGs 1 (n = 5), 4 (n = 10), and 8 (n = 8) were tested by whole-cell DNA restriction endonuclease analysis (REA) as a genetic typing method. Bacteria belonging to the genus Aeromonas are gramnegative, waterborne bacteria which have been isolated from lakes, rivers, swimming pools, tap water, and other watery sources (8, 21, 25) . Human disease is often related to water exposure, as in the case of water-contaminated wound infections and aspiration pneumonia (3, 5, 20, 22, (29) (30) (31) . The presence of Aeromonas species in the water supply of hospitals has been considered as a possible source of hospital-acquired infections (1, 2, 16, 17, 19, 20, 29 A total of 46 Aeromonas strains isolated from patients with Aeromonas-related diarrhea were used for outer membrane protein (OMP) typing, 23 were used for REA typing, and 18 were used for rRNA typing. Twenty-three strains from primary and repeat fecal cultures of samples from 11 patients with Aeromonas-related diarrhea were examined both by OMP and REA typing: 2 patients had isolates of HG-4, 5 patients had isolates of HG-8, 2 patients had isolates of HG-1, and the HGs of 2 other patients were not determined. Three to five different colonies isolated from stool specimens of nine patients with Aeromonas-associated diar-1280 on October 28, 2017 by guest
Bacteria belonging to the genus Aeromonas are gramnegative, waterborne bacteria which have been isolated from lakes, rivers, swimming pools, tap water, and other watery sources (8, 21, 25) . Human disease is often related to water exposure, as in the case of water-contaminated wound infections and aspiration pneumonia (3, 5, 20, 22, (29) (30) (31) . The presence of Aeromonas species in the water supply of hospitals has been considered as a possible source of hospital-acquired infections (1, 2, 16, 17, 19, 20, 29) . Cookson et al. (2) have reported a cluster of four cases of septicemia caused by Aeromonas in immunocompromised patients, but the source of this clustering remained unclear. In a period of 5 weeks, Mellersh et al. (16) isolated Aeromonas strains from 19 patients (one patient had two isolates) shortly after they underwent an operation. Eleven of the isolates colonized the respiratory tract, but three isolates were associated with pneumonia. Other isolates were from wounds (n = 3), high vaginal swabs (n = 2), and urine (n = 1). A common source for these infections was not found. However, these examples indicate that discriminative typing methods are required to investigate the epidemiology of Aeromonasrelated hospital infections.
An increasing number of studies report the possible significance of Aeromonas strains as enteric pathogens, and some studies suggest that enteropathogenic Aeromonas strains are acquired by drinking untreated natural water (6, 18) . Recently, we completed a 5-year study of the clinical and bacteriological significance of various Aeromonas species isolated from human fecal samples. We A total of 46 Aeromonas strains isolated from patients with Aeromonas-related diarrhea were used for outer membrane protein (OMP) typing, 23 were used for REA typing, and 18 were used for rRNA typing. Twenty-three strains from primary and repeat fecal cultures of samples from 11 patients with Aeromonas-related diarrhea were examined both by OMP and REA typing: 2 patients had isolates of HG-4, 5 patients had isolates of HG-8, 2 patients had isolates of HG-1, and the HGs of 2 other patients were not determined. Three to five different colonies isolated from stool specimens of nine patients with Aeromonas-associated diar-rhea were also included: five fecal cultures had Aeromonas isolates of HG-4, two samples contained isolates of HG-5A, and two samples contained isolates of HG-1 or HG-2.
Isolation of cell envelopes. The isolation of cell envelopes was performed as described previously (13, 14) . Aeromonas strains were grown to the late logarithmic phase in 30 ml of brain heart infusion broth. The cells were harvested, washed with 40 mM sodium phosphate-0.1 M NaCI (pH 7.4), and suspended in 50 mM Tris hydrochloride (pH 7.8). The suspended cells were cooled in an ice bath and sonically disrupted by four 15-s exposures (sonifier, cell disrupter B15; Branson Sonic Power Co., Danbury, Conn.). Unbroken cells were removed by centrifugation for 20 min at 2,000 x g. The supernatant was centrifuged for 60 min at 45,000 x g. The pellet that was obtained, which contained the cell envelopes, was suspended in 2 mM Tris hydrochloride (pH 7.8). (20, 000) , and a-lactalbumin (14,000).
Separation of inner and outer membranes. Separation of inner and outer membranes was performed as described previously (14, 24) . Cell envelopes were suspended in a buffer containing 2 mM Tris hydrochloride (pH 7.8). MgCI2 was added to a final concentration of 10 mM and the mixture was incubated for 1 h at 0°C. After the addition of sodium lauryl sarcosinate (final concentration, 0.5%; Sarkosyl; CIBA-GEIGY Corp., Summit, N.J.) and incubation for 1 h at 23°C, the outer membrane fraction was obtained as the pellet after ultracentrifugation for 1 h at 260,000 x g. This pellet was suspended in 2 mM Tris hydrochloride (pH 7.8).
The supernatant was precipitated with 96% ethanol for 18 h at -20°C, and the cytoplasmic membrane fraction was obtained after centrifugation for 20 min at 20,000 x g and suspended in 2 mM Tris hydrochloride (pH 7.8).
Peptidoglycan-associated proteins. Peptidoglycan-associated proteins were determined as described previously (14, 23) . Cell envelopes were suspended in a buffer containing 10 mM Tris hydrochloride (pH 7.8), 2% SDS, 10% (vol/vol) glycerol, and 0.7% P-mercapthoethanol and incubated for 30 min at 60°C. The pellet with peptidoglycan-associated proteins was obtained after ultracentrifugation for 30 min at 225,000 x g, washed once with distilled water, and suspended in 2 mM Tris hydrochloride (pH 7.8).
DNA restriction endonuclease profiles. Total cellular DNA was extracted and subjected to REA by the method described by Langenberg et al. (11) .
rRNA gene restriction patterns. rRNA gene restriction patterns were examined as described previously (4, 28 and 10 isolates of HG-4) from one another, since each strain showed a unique pattern. The differences were most pronounced in the high-molecular-weight fractions of the gels. The best DNA digestive patterns were obtained with SmaI (Fig. 2) . PstI was unable to digest 15% of the tested strains. The restriction patterns were reproducible; when DNA was extracted from two strains which were subcultured five times, the patterns were identical. (Fig. 3) . As a control, the DNA of Serratiafonticola cleaved by HindIlI gave seven fragments carrying rRNA gene sequences. The differences were most pronounced in the high-molecular-weight bands. Of 18 strains (5 isolates of HG-1, 6 isolates of HG-8, and 7 isolates of HG-4) that were analyzed after digestion with SmaI, three isolates of HG-4 ( Fig. 3, lanes 8 , 11, and 13) were identical to one another. However, the whole-cell DNA digest profiles (with SmaI) of these isolates were different (Fig. 2, lanes 8, 11, and 13 ). DNA-rRNA hybridization with PstI as the restriction enzyme also showed remarkable differences between these isolates (data not shown). Although only strains of nine patients mentioned in Table 1 were subjected to rRNA typing, the results corresponded with the results of OMP and REA typing.
DISCUSSION
Reports of clusters of cases of Aeromonas hospital infections have necessitated the development of typing methods to monitor nosocomial acquisition ofthe organism (2, 17, 19, 20) . Several methods have been developed for typing Aeromonas strains, including serogrouping, biotyping, esterase electrophoresis, and PAGE of radiolabeled cell proteins (2, 20, 27, 29) . Biotyping could only discriminate four biotypes (2) , and serotyping showed that 72% of the strains was untypable (29) . Electrophoretic esterase typing revealed 44 zymotypes among 141 Aeromonas strains (20) , and typing by SDS-PAGE of [35S]methionine-labeled bacteria was able to distinguish 63 strains from one another (27) . Moreover, these methods detect phenotypic variation which may not be related to genetic variation in the strains that were investigated. We therefore compared OMP profiles as a phenotypic typing method with chromosomal DNA restriction endonuclease profiles as a genetic typing method.
For SDS-PAGE studies we cultured Aeromonas strains in brain heart infusion broth at 37°C with shaking, since OMP profiles were influenced by differences in temperature and in the air supply of the bacterial cultures. These findings agree with the results of Statner et al. (26) In conclusion, our data suggest that REA of whole-cell DNA is a valuable method for typing of Aeromonas strains. The applications of rRNA gene restriction patterns and OMP typing need further investigation for identifying more specifically all 11 Aeromonas hybridization groups.
